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(54) NONAQUEOUS SECONDARY BATTERY AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode enabling increase in the capacity and has excellent repetitive 
charging/discharging characteristics by using, as an electrode material, such an object as not including high crystallinity carbon 
having a highly oriented graphite structure but having a slightly disturbed layer structure in its laminate structure, or using 
carbon having a selective orientation. 

SOLUTION: The disturbed layer structure or selective orientability is such one as having interlayer interval of the carbon planes 
found by X-ray diffraction method is in a range from 3.37 to 3.55&angst;, and not an object like graphite showing a sharp peak, 
but showing considerably broad diffraction peak. Furtherfnore, the peak intensity ratio of 1 360cm- 1 to the peak intensity 
1 580cm- 1 of laser Raman spectrum is assigned to a range from 0.4 to 1 .0. In this way, carbon body having wider plane interval, 
smaller crystallites and mutual orientability to some extent exhibits excellent characteristics as an electrode material. Such a 
body can be formed by a vapor phase deposition method by means of thermal decomposition on a substrate using a hydrocarbon 
or a hydrocarbon compound as a starting raw material. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of t this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The non-drainage system rechargeable battery with which the average spacing of the hex-steel side of a graphite is 
characterized by using for a negative electrode the electrode which makes a principal component the carbon material which has 
some random layer structure in the layer structure to which the ratio of the peak intensity of 1 360cm- 1 to the peak intensity of ■ 
1580cm-l in3.37Aor3.55A, and an argon laser Raman spectrum is expressed or less [ 0.4 or more] with 1.0. 
[Claim 2] The ratio of the peak intensity of 1360cm- 1 to the peak intensity [ in / 3.37A or 3.55A, and an argon laser Raman 
spectrum / in the average spacing of the hex-steel side of a graphite ] of 1 580cm- 1 has some random layer structure in the layer 
structure expressed or less / 0.4 or more / with 1 .0. The non-drainage system rechargeable battery with which the relative 
inclination of C shaft orientations between each microcrystal is characterized by using for a negative electrode the electrode which 
makes a principal component the carbon material which has an alternative stacking tendency **75 degrees or less by the 
diffraction pattern of the field in a reflective high-speed electron diffraction (002). 

[Claim 3] The manufacture method of the non-drainage system rechargeable battery characterized by using for a negative 
electrode the electrode which supplies the hydrocarbon compound which added or replaced the characteristic group containing at 
least one or more elements chosen as some of hydrocarbons or hydrocarbons from oxygen, nitrogen, sulfur, or the halogen to the 
system of reaction, and makes the carbon-deposit object by the pyrolysis by which gaseous-phase deposition was carried out an 
electrode active material within this system of reaction. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the electrode active material of the cell which 
uses as the dopant matter the electrode active material of the cell which uses alkali metal, such as a lithium (Li) and a potassium 
(K), alkaline earth metal, the rare earth metal, or transition metals as the dopant matter or a halogen, a halogenated compound, 
and an oxygen acid about a non-drainage system rechargeable battery and its manufacture method. 
[0002] 

[Description of the Prior Art] In recent years, the research which is going to apply a carbon material to the electrode of a cell is 
active. * 

[0003] For example, activated carbon or an activated carbon fiber is used for a positive electrode, a graphite or 
graphitized-carbon fiber is used for a negative electrode, and the cell in which charge and discharge are possible using the organic 
material as the electrolytic solution is indicated by JP,60- 1 82670,A. 

[0004] Moreover, it is the shape of annual rings to a fiber axis substantially [ a carbonaceous hex-steel flat surface ] in parallel 
with JP,60-20466,A. There is a publication about the cell active material containing the nickel chloride graphite lamellar 
compound of the graphite fiber which heat-treats the carbon fiber which has the organization which arranged, and is obtained. 
[0005] Furthermore, the rechargeable battery which used the carbon fiber structure is indicated by JP,60-363 1 5,A. 
[0006] 

[Problem(s) to be Solved by the Invention] Now, although the hex-steel side which a carbon atom makes arranges regularly the 
graphite used as an electrode material and it is called graphite structure, this has the layer structure to which the laminating of the 
carbon layer of a hex-steel side was carried out in parallel. Although the high thing of the regularity of this layer structure is called 
graphite, when only calling it a carbon material, what continues very broadly to that by which the carbon atom was arranged by 
high regularity like a graphite from what has the completely irregular layer structure called the non-fixed form carbon like 
activated carbon is known. 

[0007] However, it is thought that the graphite material for now using as an electrode material must be a crystalline high material. 

[0008] That is, in the case of above-mentioned JP,60- 1 82670,A, the ratio of the peak intensity which appears in 1 350cm- 1 and 
1 580cm-l in the Raman spectrum by Ar-ion-laser light uses the crystalline high high graphitized-carbon object or less of 0.4. 
Similarly, in the case of JP,60-363 1 5,A, this crystalline demandis still higher, and the ratio of the Raman intensity of 1 360cm- 1 
to the Raman intensity of 1580cm- 1 uses the very high graphitized-carbon layer of 1/10 for it. 

[0009] Moreover, graphitization processing is carried out at the elevated temperature of 2700-3000 degrees C for the carbon 
fiber which was grown up on the substrate in the case of JP,60-20466,A, a graphite microcrystal is grown up further, and high 
graphitization fiber is obtained and used. 

[0010] Thus, although it is now believed generally that high crystallinity is required for the graphite as an electrode material, in 
the case of the graphite which has perfect crystallinity, the interlayer spacing is comparatively as narrow as 3. 3 54 A. However, in 
the case of a high graphitized-carbon object (crystalline high graphite material), although the dopant matter will go in and out 
between this layer when a graphite is used, in order to form an intercalation compound as an electrode material, since the 
laminating of the hex-steel side was carried out to the top where an interlayer spacing is narrow very regularly as mentioned 
above, there was a problem that the amount by which the dopant matter is doped in near ordinary temperature decreased. 
[001 1] Then, this invention aims at offering the electrode which is made in view of the above-mentioned trouble, and has 
remarkable big electric capacity compared with the conventional carbon material, and was excellent in the charge-and-discharge 
repeat property, and its manufacture method. 
[0012] 

[Means for Solving the Problem] the carbon (crystalline high carbon) which has the graphite structure which carried out 
orientation highly as a result of an invention-in-this-application person's repeating research wholeheartedly, in order to attain the 
" ab^ove^enti6h^^urpose" : - not" buf The knowledge that elecMc^apacity was large compared with' the conventional thing,~~and~ 
the electrode excellent in the charge-and-discharge repeat property could be obtained was able to be acquired by using for the 
layer structure the thing which gave few random layer structures, or the carbon which gave the alternative stacking tendency as an 
electrode material. If the random layer structure of this carbon material or the grade of an alternative stacking tendency is 
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expressed objective, it will become as follows. 

[001 3] Namely, the thing which the interlayer spacing of the carbon flat surface by the X-ray diffraction method is not 3.37 A - 
3. 5 5 A, does not show a sharp peak like a graphite, and shows a quite broad diffraction peak. 

[00 14] Furthermore, the peak intensity ratio of 1 360cm- 1 to the peak intensity of 1 580cm- 1 of a laser Raman spectrum is or more 
0.4 1 .0 or less thing. 

[001 5] Although each physical-properties value is common knowledge as a physical-properties value showing a degree of 
graphitization, the physical properties of material can be expressed by combining the physical -properties value acquired from 
Raman scattering, and the physical-properties value acquired from an X diffraction. As everyone knows, the physical-properties 
value acquired from Raman scattering is the information on the about 50nm front face of a pole from the front face of a carbon 
material, and the physical-properties value acquired from an X diffraction is the information as an average to a certain amount of 
depth including the front face of about dozens of micrometers. That is, the structure of the depth direction can be grasped by 
combining these two physical-properties values. 

[0016] Moreover, it is admited that its size of the microcrystal of ab shaft orientations is very small since the size of the ^/y fa h~ 

microcrystal for which it asked from the diffraction full width at half maximum is very broadcloth even if the^ize,of..the.^. 
microcrystal of the diffraction peak of a field (002) to C shaft orientations is not 2 0 A - l OOOApjid the Hirfraction peak of a field 
(1 10) hardly appears or it appears. In addition, a reflection-electron line diffraction riattern has the shape of a broadcloth ring, and 
the microcrystal is reflecting the very fine thing. These rings are equivalent to (002) of graphite structure, (004), and reflection 
(006). Moreover, envelopment of each microcrystal is a thing within the limits whose relative inclination of C shaft orientations 
between each microcrystal it is not random, the field (001.) of each microcrystal has gathered in the specific direction, and is **75 
degrees. 

[00 1 7] Thus, compared with a high graphitized-carbon object, a spacing is large, the size of a microcrystal is small, and the 

carbon body which has a certain amount of stacking tendency mutually shows a property good as an electrode material. 
"~~[001 8] The carbon body which has the above property can be obtained by the following manufacture methods. That is, this can be 

supplied to the system of reaction by the ability using a hydrocarbon or a hydrocarbon compound as a start raw material, and it 
i " can form in up to a substrate by the gaseous-phase depositing method by the pyrolysis. 

[00 1 9] What added or replaced the characteristic group containing at least one or more elements chosen as some hydrocarbons 

from oxygen, nitrogen, sulfur, or the halogen as a hydrocarbon compound can be used. 

[0020] If an above-mentioned carbon material is used for the electrode of the cell which alkali metal etc. contained as dopant 
matter, the dope of the dopant matter and a ** dope will tend to take place compared with the conventional high 
graphitized-carbon object, and electric capacity will become large. Moreover, since an above-mentioned carbon body can carry 
out direct formation to up to a substrate as a thin film, the utilization factor of an active material becomes [.internal resistance ,] 
small highly. Moreover, since it is producible in arbitrary configurations, it is effective in thin form-ization of an electrode etc. 
being attained. 
[0021] 

[Embodiments of the Invention] 

(Example 1 ) Hereafter, with reference to a drawing, one example is given and this invention is explained in detail. 

[0022] Drawing 1 is an X diffraction view which uses as the light source CuKalpha of the carbon body used for the electrode of 

the invention in this application. The formula of the black of this diffraction peak to a degree (several 1 ) 

[0023] < . 

[Equation 1] ... 

2 -8in0 ik= 1 . 54 1 8 A) 

[0024] When it is alike and the average spacing of a field is searched for more (002), it is 3. 45 A, and it is the following formula 
(several 2) from the peak-mesial-magnitude width of face beta. 
[0025] 
[Equation 2] 

T = K ' k ■ 

C 0 • costf ( X = 1 . 5 4 1 8 A ) 

( K - 0 . 9 ) 

[0026] It was 27. 2A when asked more for the size of the microcrystal of C shaft orientations. 

[0027] Moreover, drawing 2 is the Raman spectrum which used the argon laser of this carbon body. It is 0.8 when the peak 

intensity of 1 360cm- 1 to the peak intensity of 1 580cm- 1 is seen so that clearly from this drawing. . 

[0028] Moreover, when the diffraction photograph of an electron ray is searched for by the reflective high-speed 

ele^fronH^ and reflection^006) show the PURODO spot, the stacking tendency of each 

microcrystal is quite good, and the distribution of C shaft orientations is less than ** 1 8 degrees. " " ". ~ 5 ~ ' 

[0029] This carbon body (film in which the carbon material was formed on the substrate) was pinched in the network for current 

collection, and it considered as the electrode. Let this be the examination pole A. It arranged in the cell as shows the examination 

pole A to drawing 3 , and the charge and discharge test by the dope and ** dope of a lithium element was performed by using a 
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lithium as the dopant matter, having used the lithium metal as the opposite solution. The lithium with which the electrode 
(examination pole A) which consists of a carbon body which 1 2 requires for the invention in this application in drawing 3 , and 
1 3 used the charge collector, and 1 4 used a counter electrode and 1 5 as a reference pole, the electrolytic solution which 1 6 
becomes from the propylene carbonate which dissolved the one-mol fault hydrochloric-acid lithium, and 17 are cells. 
[0030] Drawing 4 is a potential variation diagram to the lithium reference pole in 25 degrees C at the time of making various 
carbon materials dope and * * dope a lithium. The curve A of drawing 4 is a potential change curve of the electrode of the 
invention in this application. In Curve A, the direction where the direction where potential approaches 0 V becomes a dope 
(charge) and a high voltage is a ** dope (electric discharge). 

[003 1 ] Drawing 5 shows change of the service capacity in the test to which the charge and discharge of the various carbon 
materials are carried out by the constant current between 0 V and 2.5 V to a lithium reference electrode. The curve A of drawing s 
is a curve which shows the electrode characteristic of the invention in this application. Most capacity degradation by the repeat of 
****** cannot be found, and the repeat property is very good so that more clearly as a result. 

[0032] As mentioned above, if the carbon body of the invention in this application is used, the negative electrode of the non-water 
lithium rechargeable battery in which charge and discharge are possible can be constituted. 

[0033] Below, an example of the manufacture method of an above-mentioned carbon material is explained using a drawing. 

[0034] Drawing 6 is the block block diagram of the carbon-material generation equipment used for manufacture of the carbon 

material used for the electrode of the invention in this application, 
t [0035] as the hydrocarbon compound which contained in part the hydrocarbon used as a starting material, and various 

characteristic groups -- for example, aliphatic hydrocarbon -- there are a unsaturated hydrocarbon, an aromatic compound, and an 
! alicyclic compound preferably These are pyrolyzed at 1000 degrees C. Specifically, acetylene, diphenyl, acetylene, acrylonitrile, 
1 1.2-dibromo ethylene, 2-butyne, benzene,' toluene, a pyridme, an anilme, a phenol, diphenyl, an anto 
We_i_lbenzene, styrene, allyl-compound benzene, a cyclohexane, a normal hexane, a pyrrole, a thiophene, etc. are raised. 

[0036] The supply method to the coil mentioned later is controlled by the kind of used hydrocarbon compound by the amount of 

supply below the number millimole of per hour using the bubbler method, the evaporating method, or the sublimating method. If 

many amount of supply is taken, a soot-like carbon-deposit object will be generated and a carbon material required for the 

electrode composition of this invention will not be obtained. The substrate which is deposited by the carbon material and 

generated does not need to deteriorate in the reaction temperature of about 1000 degrees C. 

[0037] Hereafter, it explains according to a manufacturing process. 

[0038] In the bubble container 1 with which the benzene which performed refining operation by vacuum distillation was 
contained, from the argon gas-control system 2, argon gas is supplied, the bubble of the benzene is carried out, and the quartz coil 
4 is fed with a benzene molecule through the Pyrex-glass pipe 3 . Under the present circumstances, the temperature of the liquid 
benzene in the bubble container 1 is held uniformly, an argon quantity of gas flow is adjusted by the bubble 5, and the amount of 
supply into the coil 4 of a benzene molecule is controlled to the number millimole of per hour. The benzene number density of 
molecules and the rate of flow in the argon gas in the glass tube 3 just before passing argon gas and feeding a coil 4 from the 
dilution line 6 on the other hand are optimized. The heating furnace 8 is formed in the periphery enclosure of a coil 4. The 
substrate for deposition generation in a coil 4 is held by this heating furnace 8 at the temperature of about 1 000 degrees C. 
[0039] If fed with a benzene molecule in a coil 4, a benzene molecule will be pyrolyzed within a coil 4 and a carbon-deposit 
object will be generated on a substrate. The gas into a coil 4 is introduced through an exhaust pipe 9 to the exhaust air system 10, 
and is removed from a coil 4. The benzene molecule introduced in the coil 4 is heated at the temperature of about 1 000 degrees C, 
' and is pyrolyzed, and growth formation is carried out one by one on a substrate. In this case, the carbon which grows serves as a 
thin film with metallic luster, and since a reaction is advanced at low temperature compared with the method of forming graphite 
material by process like before, a carbon material with a good matter value can be manufactured. In addition, if it is this method, 
an anisotropy etc. is arbitrarily .controllable by selecting the amount of supply of a starting material and a starting material, a speed 
of supply, and reaction temperature. 

[0040] (Example 2) Many properties of the carbon film of the 2nd example are as follows. That is, the average spacing of a field 
(002) was 3.37A as shown in drawing 7 , and the peak intensity ratio of 1360cm- 1 to the peak. intensity of 1580cm-l by the 
Raman spectrum was 0.50 as shown in drawing 8 . Moreover, the distribution of c shaftorientations of each microcrystal by the 
reflective high-speed electron diffraction was less than **60 degrees. 

[004 1 ] Lead wire was taken out from this carbon film formed on the substrate, and it considered as the electrode, and considered 

as the examination pole B. The lithium was used as the dopant matter for this by the same method as an example 1 , and the 

charge-and-discharge test by the dope and the ** dope was performed. The curve B of drawing 4 is a potential change curve of 

the carbon material by this example. Moreover, the curve B of drawing 5 shows change of the service capacity in the repeat test of 

the carbon material by this example. Service capacity and a repeat property are very good so that more clearly as a result. 

[0042] In addition, although the one-mol lithium perchlorate was used for the electrolyte and propylene carbonate was used for 

the electrolytic solution in this example It is not necessary to limit to this, as other electrolytes 6 fluoride lithium sulfate, There are 

h^li^umJluoride,_a truffe RUORO sulfonic-acid lithium, etc. as the electrolytic solution A dimethyl sulfoxide, organic solvents 

and water, such as gamma-butyl lactone, a sulfolahe't^^y^ arid a ~ 

1 .3-dioxolane, are raised, and independent in these - or it can mix and use 

[0043] (Example 1 of comparison) The invention in this application is compared about the graphitized-carbon object which 
heat-treated it at 2800 degrees C after stripping off from a substrate the carbon body made to deposit at 1200 degrees C on a 
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quartz substrate. 

[0044] The X diffraction data of this carbon body are shown in drawing 9 f The spacing of the field (002) of this carbon body was 
3. 36 A Moreover, in the Raman spectrum, the peak intensity ratio of 1360cm- 1 to the peak intensity of 1580cm- 1 was 0.1 ( 
drawing 10 ). This carbon body was used as the electrode by the same method as an example 1 , and it considered as the 
examination pole C. It arranged in the cell as shows the examination pole G to drawing 3 , and the charge-and-discharge test was 
• performed like the example 1 . The curve c of drawing 4 is a potential change curve of the carbon material by this example of 
comparison. Compared with the electrode of the above-mentioned examples 1 and 2, service capacity was also slight and more 
unsuitable than this result as an electrode material. < 

[0045] (Example 2 of comparison) The petroleum coke which is not refined having removed the volatile component from the 
crude oil was heat-treated at 500 degrees C. A bodily X diffraction view is shown in drawing 1 1 in this end of a carbon powder. 
The average spacing of a field (002) was 3 .45 A from this diffraction peak. Moreover, in the Raman spectrum, the peak intensity 
ratio of 1360cm- 1 to the peak intensity of \ 580cm- 1 was 0.8. This result is shown in drawing 12 . Moreover, according to the 
diffraction pattern in the electrode which pressed this carbon body by the reflective high-speed electron diffraction, and was 
obtained, it became clear that each ring of a diffraction pattern becomes uniform and does not have a stacking tendency. The letter 
nickel substrate of foaming was filled up with this carbon body, and what was pressed was used as the electrode and it considered 
as the examination pole D. It arranged in the cell as shows the examination pole D to drawing 3 , and the charge-and-discharge 
test was performed like the example 1 . The curve D of drawing 4 is a potential curve of the carbon material by this example of . 
comparison. There is less service capacity than this result compared with the above-mentioned examples 1 and 2. However, the 
initial charge-and-discharge property was good compared with the example 1 of comparison. 

[0046] By the same method as an example 1, the repeat test of charge and discharge was performed for the examination pole D. 
The curve D of drawing 5 shows the result depended on this example of comparison. Degradation of capacity produces what does 
not have the stacking tendency of each microcrystal in an electrode from this result by the repeat of charge and discharge, and an 
intolerable thing is accepted in long-term use. 
[0047] 

[Effect of the Invention] According to the invention in this application, the dope of the dopant matter and a ** dope tend to take 
place compared with the conventional high graphitized-carbon object, and electric capacity becomes large. Moreover, since an 
* ' above-mentioned carbon body can carry out direct formation to up to a substrate as a thin film, the utilization factor of an active 
material becomes [ internal resistance ] small highly. Moreover, since it is producible in arbitrary configurations, there is a 
remarkable effect that thin form-ization of an electrode etc. is attained. 
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TECHNICAL FIELD 

[The technical field to which invention belongs] Especially this invention relates to the electrode active material of the cell which 
uses as the dopant matter the electrode active material of the cell which uses alkali metal, such as a lithium (Li) and a potassium 
(K), alkaline earth metal, a rare earth metal, or transition metals as the dopant matter or a halogen, a halogenated compound, and 
an oxygen acid about a non-drainage system rechargeable battery and its manufacture method. 
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PRIOR ART 

[Description of the Prior Art] In recent years, the research which is going to apply a carbon material to the electrode of a cell is 
active. . • 

[0003] For example, activated carbon or an activated carbon fiber is used for a positive electrode, a graphite or 
graphitized-carbon fiber is used for a negative electrode, and the cell in which charge and discharge are possible using the organic 
material as the electrolytic solution is indicated by JP,60-182670,A. 

[0004] Moreover, it is the shape of annual rings to a fiber axis substantially [ a carbonaceous hex-steel flat surface ] in parallel 
with JP,60-20466,A. There is a publication about the cell active material containing the nickel chloride graphite lamellar 
compound of the graphite fiber which heat-treats the carbon fiber which has the organization which arranged, and is obtained. t 
[0005] Furthermore, the rechargeable battery which used the carbon fiber structure is indicated by JP,60-363 1 5,A. 
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EFFECT OF THE INVENTION * 

[Effect of the Invention] According to the invention in this application, the dope of the dopant matter and a** dope tend to take 
place compared with the conventional high graphitized-carbon object, and electric capacity becomes large. Moreover, since ah 
above-mentioned carbon body can carry out direct formation to up to a substrate as a thin film, the utilization factor of an active 
material becomes [ internal resistance ] small highly. Moreover, since it is producible in arbitrary configurations, there is a 
remarkable effect that thin form-ization of an electrode etc. is attained. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Now, although the hex-steel side which a carbon atom makes arranges regularly the 
graphite used as an electrode material and it is called graphite structure, this has the layer structure to which the laminating of the 
carbon layer of a hex-steel side was carried out in parallel. Although the high thing of the regularity of this layer structure is called 
graphite, when only calling it a carbon material, what continues very broadly to that by which the carbon atom was arranged by 
high regularity like a graphite from what has the completely irregular layer structure called the non-fixed form carbon like 
activated carbon is known. 

[0007] However, it is thought that the graphite material for now using as an electrode material must be a crystalline high material, 

[0008] That is, in the case of above-mentioned JP,60-182670,A, the ratio of the peak intensity which appears in 1350cm-l and 
1 580cm- 1 in the Raman spectrum by Ar-ion-laser light uses the crystalline high high graphitized-carbon object or less of 0.4. 
Similarly, in the case of JP,60-363 1 5,A, this crystalline demand.is still higher, and the ratio of the Raman intensity of 1 360cm- 1 
to the Raman intensity of 1 580cm- 1 uses the very high graphitized-carbon layer of 1 /l 0 for it. 

[0009] Moreover, graphitization processing is carried out at the elevated temperature of 2700-3000 degrees C for the carbon 
fiber which was grown up on the substrate in the case of JP,60-20466,A, a graphite microcrystal is grown up further, and high 
graphitization fiber is obtained and used. 

[0010] Thus, although it is now believed generally that high crystallinity is required for the graphite as an electrode material, in 
the case of the graphite which has perfect crystallinity, the interlayer spacing is comparatively as narrow as 3. 3 54 A. However, in 
the case of a high graphitized-carbon object (crystalline high graphite material), although the dopant matter will go in and out 
between this layer when a graphite is used, in order to form an intercalation compound as an electrode material, since the 
laminating of the hex-steel side was carried out to the top where an interlayer spacing is narrow very regularly as mentioned 
above, there was a problem that the amount by which the dopant matter is doped in near ordinary temperature decreased. 
[001 1] Then, this invention aims at offering the electrode which is made in view of the above-mentioned trouble, and has 
remarkable big electric capacity compared with the conventional carbon material, and was excellent in the charge-and-discharge 
repeat property, and its manufacture method. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by. the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2 . * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] the carbon (crystalline high carbon) which has the graphite structure which carried out 
orientation highly as a result of an invention-in-this-application person's repeating research wholeheartedly, in order to attain the 
above-mentioned purpose ~ not but The knowledge that electric capacity was large compared with the conventional thing, and 
the electrode excellent in the charge-and-discharge repeat property could be obtained was able to be acquired by using for the 
layer structure the thing which gave few random layer structures, or the carbon which gave the alternative stacking tendency as an 
electrode material. If the random layer structure of this carbon material or the grade of an alternative stacking tendency is 
expressed objective, it will become as follows. 

* [0013] Namely, the thing which the interlayer spacing of the carbon flat surface by the X-ray diffraction method is not 3. 37 A - 
3. 5 5 A, does not show a sharp peak like a graphite, and shows a quite broad diffraction peak. 

[00 1 4] Furthermore, the peak intensity ratio of 1 360cm- 1 to the peak intensity of 1 580cm- 1 of a laser Raman spectrum is or more 
0.4 1 .0 or less thing. 

[0015] Although each physical-properties value is common knowledge as a physical-properties value showing a degree of 
graphitization, the physical properties of material can be expressed by combining the physical-properties value acquired from 
Raman scattering, and the physical-properties value acquired from an X diffraction. As everyone knows, the physical-properties 
value acquired from Raman scattering is the information on the about 50nm front face of a pole from the front face of a carbon 
material, and the physical-properties value acquired from ah X diffraction is the information as an average to a certain amount of 
depth including the front face of about dozens of micrometers. That is, the structure of the depth direction can be grasped by 
combining these two physical-properties values. 

[00 1 6] Moreover, it is admited that its size of the microcrystal of ab shaft orientations is very small since the size of the 
microcrystal for which it asked from the diffraction full width at half maximum is very broadcloth even if the size of the 
microcrystal of the diffraction peak of a field (002) to C shaft orientations is not 20A - 1000 A, and the diffraction peak of a field 
(110) hardly appears or it appears. In addition, a reflection-electron line diffraction pattern has the shape of a broadcloth ring, and 
the microcrystal is reflecting the very fine thing. These rings are equivalent to (002) of graphite structure, (004), and reflection 
(006). Moreover, envelopment of each microcrystal is a thing within the limits whose relative inclination of C shaft orientations 
between each microcrystal it is not random, the field (001.) of each microcrystal has gathered in the specific direction, and js **75 
degrees. 

[0017] Thus, compared with a high graphitized-carbbn object, a spacing is large, the size of a microcrystal is small, arid the 
carbon body which has a certain amount of stacking tendency mutually shows a property good as an electrode material. 
[0018] The carbon body which has the above property can be obtained by the following manufacture methods. That is, this can be 
supplied to the system of reaction by the ability using a hydrocarbon or a hydrocarbon compound as a start raw material, and it 
can form in up to a substrate by the gaseous-phase depositing method by the pyrolysis. 

[0019] What added or replaced the characteristic group containing at least one or more elements chosen as some hydrocarbons 
from oxygen, nitrogen, sulfur, or the halogen as a hydrocarbon compound can be used. 

[0020] If an above-mentioned carbon material is used for the electrode of the cell which alkali metal etc. contained as dopant 
matter, the dope of the dopant matter and a ** dope will tend to take place compared with the conventional high 
graphitized-carbon object, and electric capacity will become large. Moreover, since an above-mentioned carbon body can carry 
out direct formation to up to a substrate as a thin film, the utilization factor of an active material becomes [ internal resistance ] 
small highly. Moreover, since it is producible in arbitrary configurations, it is effective in thin form-ization of an electrode etc. 
being attained. 
[0021] 

[Embodiments of the Invention] 

(Example 1) Hereafter, with reference to a drawing, one example is given and this invention is explained in detail. 

[0022] Drawing 1 is an X diffraction view which uses as the light source CuKalpha of the carbon body used for the electrode of 

the invention in this application. The formula of the black of this diffraction peak to a degree (several 1 ) 

[0023]"™ 7~~ ~ ' ~ " ' 

[Equation 1] 

d _ * 

2 • sia$ ( Jl = 1 . & 4 1 8 A) 
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[0024] When it is alike and the average spacing of a field is searched for more (002), it is 3.45A, and it is the following formula 
(several 2) from the peak-mesial-magnitude width of face beta. 
[0025] 
[Equation 2] 

■ r tC • k _ 

C $ v cos<9 (1=1. 541BA) 

(* =0. 9) 

[0026] It was 27.2A when asked more for the size of the microcrystal of C shaft orientations. 

[0027] Moreover, drawing 2 is the Raman spectrum which used the argon laser of this carbon body. It is 0.8 when the peak 
intensity of 1 360cm- 1 to the peak intensity of 1 580cm- 1 is seen so that clearly from this drawing. 
[0028] Moreover, when the diffraction photograph of an electron ray is searched for by the reflective high-speed 
electron-diffraction (RHEED) method (002), (004) and reflection (006) show the PURODO spot, the stacking tendency of each 
microcrystal is quite good, and the distribution of C shaft orientations is less than **1 8 degrees. 

- [0029] This carbon body (film in which the carbon material was formed on the substrate) was pinched in the network for current 
collection, and it considered as the electrode. Let this be the examination pole A. It arranged in the cell as shows the examination 
pole A to drawing 3 , and the charge and discharge test by the dope and ** dope of a lithium element was performed by using a 
lithium as the dopant matter, having used the lithium metal as the opposite solution. The lithium with which the electrode, 
(examination pole A) which consists of a carbon body which 1 2 requires for the invention in this application in drawing3 , and 
13 used the charge collector, and 14 used a counter electrode and 15 as a reference pole, the electrolytic solution which 16 
becomes from the propylene carbonate which dissolved the one-mol fault hydrochloric-acid lithium, and 17 are cells. 
[0030] Drawing 4 is a potential variation diagram to the lithium reference pole in 25 degrees C at the time of making various 
carbon materials dope and ** dope a lithium. The curve A of drawing 4 is a potential change curve of the electrode of the 
invention in this application. In Curve A, the direction where the direction where potential approaches 0 V becomes a dope 
< (charge) and a high Voltage is a ** dope (electric discharge). 

[003 1 ] Drawing 5 shows change of the service capacity in the test to which the charge and discharge of the various carbon 
materials are carried out by the constant current between 0 V and 2.5 V to a lithium reference electrode. The curve A of drawing 5 
is a curve which shows the electrode characteristic of the invention in this application. Most capacity degradation by the repeat of 
****** cannot be found, and the repeat property is very good so that more clearly as a result. 

[0032] As mentioned above, if the carbon body of the invention in this application is used, the negative electrode of the, non-water 
lithium rechargeable battery in which charge and discharge are possible can be constituted. 

[0033] Below, an example of the manufacture method of an above-mentioned carbon material is explained using a drawing. 
[0034] Drawing 6 is the block block diagram of the carbon-material generation equipment used for manufacture of the carbon 
material used for the electrode of the invention in this application. 

[0035] as the hydrocarbon compound which contained in part the hydrocarbon used as a starting material, and various 
characteristic groups -- for example, aliphatic hydrocarbon — there are a unsaturated hydrocarbon, an aromatic compound; and an 
alicyclic compound preferably These are pyrolyzed at 1000 degrees C. Specifically, acetylene, diphenyl, acetylene, acrylonitrile, 
1 .2-dibromo ethylene, 2-butyne, benzene, toluene, a pyridine, an aniline, a phenol, diphenyl, an anthracene, a pyrene, a HIKISA 
methylbenzene, styrene, allyl-compound benzene, a cyclohexane, a normal hexane, a pyrrole, a thiophene, etc. are raised. 
[0036] The supply method to the coil mentioned later is controlled by the kind of used hydrocarbon compound by the amount of 
supply below the number millimole of per hour using the bubbler method, the evaporating method, or the sublimating method. If 
many amount of supply is taken, a soot-like carbon-deposit object will be generated and a carbon material required for the 
electrode composition of this invention will not be obtained. The substrate which is deposited by the carbon material and 
generated does not need to deteriorate in the reaction temperature of about 1 000 degrees C. 
[0037] Hereafter, it explains according to a manufacturing process, 

[0038] In the bubble container 1 with which the benzene which performed refining operation by vacuum distillation was 
contained, from the argon gas-control system 2, argon gas is supplied, the bubble of the benzene is carried out, and the quartz coil 
4 is fed with a benzene molecule through the Pyrex-glass pipe 3. Under the present circumstances, the temperature of the liquid* 
benzene in the bubble container 1 is held uniformly, an argon quantity of gas flow is adjusted by the bubble 5, and the amount of 
supply into the coil 4 of a benzene molecule is controlled to the number millimole of per hour. The benzene number density of 
molecules and the rate of flow in the argon gas in the glass tube 3 just before passing argon gas and feeding a coil 4 from the 
dilution line 6 on the other hand are optimized. The heating furnace 8 is formed in the periphery enclosure of a coil 4. The 
substrate for deposition generation in a coil 4 is held by this heating furnace 8 at the temperature of about 1000 degrees C. 
[0039] If fed with a benzene molecule in a coil 4, a benzene molecule will be pyrolyzed within a coil 4 and a carbon-deposit 
object will be generated on a substrate. The gas into a coil 4 is introduced through an exhaust pipe 9 to the exhaust air system 10, 

. „„and isxemqvedfromAcoilA^^ 

and is pyrolyzed, and growth formation is carried out one by one on a substrate. In this case, the carbon which grows serves as a 
thin film with metallic luster, and since a reaction is advanced at low temperature compared with the method of forming graphite 
material by process like before, a carbon material with a good matter value can be manufactured. In addition, if it is this method, 
an anisotropy etc. is arbitrarily controllable by selecting the amount of supply of a starting material and a starting material, a speed 
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of supply, and reaction temperature. . , ' " 

[0040] (Example 2) Many properties of the carbon film of the 2nd example are as follows. That is, the average spacing of a field 
(002) was 3. 37 A as shown in drawing 7 , and the peak intensity ratio of 1 360cm- 1 to the peak intensity of 1 580cm- 1 by the 
Raman spectrum was 0.50 as shown in drawing 8 . Moreover, the distribution of c shaft orientations of each microcrystal by the 
reflective high-speed electron diffraction was less than **60 degrees. 

[004 1 ] Lead wire was taken out from this carbon film formed on the substrate, and it considered as the electrode, and considered 
as the examination pole B. The lithium was used as the dopant matter for this by the same method as an example 1 , and the 
charge-and-discharge test by the dope and the * * dope was performed. The curve B of drawing 4 is a potential change curve of 
the carbon material by this example, Moreover, the curve B of drawing 5 shows change of the service capacity in the repeat test of 
the carbon material by this example. Service capacity and a repeat property are very good so that more clearly as a result. 
[0042] In addition, although the one-mol lithium perchlorate was used for the electrolyte and propylene carbonate was used for 
the electrolytic solution in this example It is not necessary to limit to this, as other electrolytes 6 fluoride lithium sulfate, There are 
hoe lithium fluoride, a truffe RUORO sulfonic-acid lithium, etc. as the electrolytic solution A dimethyl sulfoxide, organic solvents 
and water, such as gamma-butyl lactone, a sulfolane tetrahydrofuran, 2-methyl tetrahydrofuran, 1 .2-dimethoxyethane, and a 
1 .3 -dioxolane, are raised, and independent in these -- or it can mix and use 

[0043] (Example 1 of comparison) The invention in this application is compared about the graphitized-carbon object which 
heat-treated it at 2800 degrees C after stripping off from a substrate the carbon body made to deposit at 1 200 degrees C on a 
quartz substrate. 

[0044] The X diffraction data of this carbon body are shown in drawing 9 . The spacing of the field (002) of this carbon body was 
3.36A. Moreover, in the Raman spectrum, the peak intensity ratio of 1360cm- 1 to the peak intensity of 1580cm- 1 was 0. 1 ( 
drawing 10 ). This carbon body was used as the electrode by the same method as an example 1, and it considered as the 
examination pole C. It arranged in the cell as shows the examination pole C to drawing 3 , and the charge-and-discharge test was 
performed like the example 1 . The curve c of drawing 4 is a potential change curve of the carbon material by this example of 
comparison. Compared with the electrode of the above-mentioned examples 1 and 2, service capacity was also slight and more 
unsuitable than this result as an electrode material. 

[0045] (Example 2 of comparison) The petroleum coke which is not refined having removed the volatile component from the 
crude oil was heat-treated at 500 degrees C. A bodily X diffraction view is shown in drawing 11 in this end of a carbon powder. 
The average spacing of a field (002) was 3.45A from this diffraction peak. Moreover, in the Raman spectrum, the peak intensity . 
ratio of 1 360cm- 1 to the peak intensity of 1 580cm- 1 was 0.8. This result is shown in drawing 12 . Moreover, according to the 
diffraction pattern in the electrode which pressed this carbon body by the reflective high-speed electron diffraction, and was 
obtained, it became clear that each ring of a diffraction pattern becomes uniform and does not have a stacking tendency. The letter 
nickel substrate of foaming was filled up with this carbon body, and what was pressed was used as the electrode and it considered 
as the examination pole D. It arranged in the celt as shows the examination pole D to drawing 3 , and the charge-and-discharge 
test was performed like the example 1 . The curve D of drawing 4 is a potential curve of the carbon material by this example of 
comparison. There is less service capacity than this result compared with the above-mentioned examples 1 and 2. However, the 
initial charge-and-discharge property was good compared with the example 1 of comparison. 

[0046] By the same method as an example 1 , the repeat test of charge and discharge was performed for the examination pole D . 
The curve D of drawing 5 shows the result depended on this example of comparison. Degradation of capacity produces what does 
not have the stacking tendency of each microcrystal in an electrode from this result by the repeat of charge and discharge, and an 
intolerable thing is accepted in long-term use. 
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♦NOTICES* 
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1. this document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is the X diffraction view of the carbon material of this invention. 

[Drawing 2] It is drawing showing the Raman spectrum of the carbon material of this invention. 

[Drawing 31 It is the schematic diagram of the equipment for electrode characteristic measurement of the carbon material of this 

invention. . 
[Drawing 41 It is the charge-and-discharge property view of the carbon material of this invention, and the existing carbon 

material. 

[Drawing 51 It is the cycle property view of the charge-and-discharge capacity of the carbon material of this invention, and the 
existing carbon material, 

[Drawing 61 It is the block block diagram of the carbon-material generation equipment with which explanation of one example of 
this invention is presented. 

[Drawing 71 It is the X diffraction view of the carbon material of this invention. 

[Drawing 81 It is drawing showing the Raman spectrum of the carbon material of this invention. 

[Drawing 9} It is the X diffraction view of the existing carbon material. 

[Drawing 101 It is drawing showing the Raman spectrum of the existing carbon material. 

[Drawing 1 1 1 It is the X diffraction view of the existing carbon material. 

[Drawing 121 It is drawing showing the Raman spectrum of the existing carbon material. 

[Description of Notations] 

1 2 Examination Pole A 

13 Charge Collector 

14 Counter Electrode 

15 Reference Pole 

16 Electrolytic Solution 

17 Cell 
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[0031] @5u«-atmm^ f f">A#^miitc 

rx n£*j^&swBa«aefbt*i'. .05 nmAiz 
•so - *n^B^coms#tt^ ^-r ««? *-s ; •c<o*i»±-9-# - 
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m<mm Mffl&mG. x-s> & . 

[0032] O±(0X o (c. *^BflcOK**Srfflv^ 

[00331 OTfc. J^c0^ttf4i0i!m*^O-WI 
[0034] 06 {4*KSfflfl5«KtCfflV-^lft3lE»««) 
6. 

[00353 tfftSMtfc LTflyfl3*l*Jfrft**atf- 

«. msBtte&Mtfbi. ztit>a i o o oic-easa* 

Sift*. AttWtcfiT-fe^l^. y'7a-;k 

T^Ua=.h>J;K 1. 2 

-y'+y. ^y-fe>, F/i^xy, fj^'y. r-vx 
7xy-;K y7i-/k ryh5-fe>\ 

c o o 3 6 ] figffl Ltzmwmt^commz x ~>x . 

tmvwn, £.mzti&mui i o o o-cnsicofcim 
[0037] wt, mm.mzm-oxmm-th . 

[0 0 38] JBBiSfciiWWIfftltofc^yHfy 

jw^sfut; ■sw&s i trn^rf y^«i«jR 2 i 

ffl«t-Stfitft LX7iUdTytfxmM:2rt7Hr 5 XW 
SSL. *v4fyiH^RJ6«4fi'\«0^**49»$R5 

**«U RJGtf4*4&iS;&ft&Sl»^#5;**3rtl£ 

T^i. £WM!UF8lcJ:^T^^4fl<9J£«£j$ffi 
g^Jift 1 0 0 OTJWiiafcfiiWrafuC ^4 . 

[0039] *c>"tf yawrawN rttiMSSfie t 

4. SJEf 4rttC^A$n^<y-b>^ : f{i^l 0 0 0 
■C<7)ffl£-r«;* ftTJIMMB L, , If <&HK±(cj££}n£ 

isifc^o. -«**>■.* o=5r^ffitc x vmmmifmi-h ■ 



(4) . tfHTlO-l 99533 
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[0 040] (£jkM2) ®2<OHte09O^»KO^# 

m&mnmnx-bh . . ( o o 2 > iwji 

Hiai»lH7t*t*P<3. 3 7AT*>0, 
? WUcJ: h 1 5 8 0 c nr'<Otf-:?$fi£{;:*tr& 1 3 
10 6Ocm-i«tT-75lg&tt08lzSt*< 0. 5 0? 

•Wn6|0»^tt ±60 MSWt* o fc . ■ 
[ 0 0 4 1 ] SfiLLOgft L£ £ Oi^K** 4> 'J - Ftft 

SKoasL-cmsfcLKitfiBkLfc. ztizmmmi 
.tmm^umx'O^^i^^ymntL. v-r 
■ mv-Tizii&mimT-xhZfiitz. S4£offl*iB 
it^mMizx&mtfmnmfa&ikmx'hh. * 
ft, m5<v&mit*mmmt l z£&mtt®<?)m<9ML 

20 fe*«*n<. ft£8S. »9iILftttfct>#«fcaSFC 

[ o o 4 2 ] . xmrnmiza v ^ {imfggtc 1 1^' 

Vy/^vximyWivi-VJimtfh*). ttzwm&t 

y, xiUy'fyyThyt. K077X h 
5bHD75>-, 1. 2-v-'^ h^i^x^y, 1. 3- 

[0043] umm 1 ) wmwL±.iz 1 2 0 o-c-c-Jt 
mzittzmm. o«8TR->fca2 8 0 ore 

4. 

[0 044] H9tCi<OK3gfl«OXtilHli»f-f-^S:^ 
■f . Z.<K§mW(n (002) W<OMiaHii3 . 3 6 AT 
h->tz. itz. 77>'^ h;KCtJV^T 1 580 cm 

- 1 <0£-?3$f£K*r-f& 1 3 6 0 cm-i(?)t-^^JK 
40 JtJiO. ITfc-jfc (010) . £Oft*fc£»H5Wl 

3 tsrr j: ^ OTftHirtttEiK l . mm 1 1 fm&i 
imTXhtn^fi:. m4nmc&*immiz£z>% 
mnmrnmcmx-hh. zvmtWissom 
i , 2o«ffi(cjt^. aws*tfcir*»T. «ffi«^k 
Lx^mxh^. 

[0045] (mm2) wmpkwimstittovk*. 

ffiS3<7)Wft3-^^iSr5 0 0rT»kSPIL^. z<r>8m 
«*«cOX«S»fH*0l-l (ciS-f . .i«0*ft-^ «t 
50 0 ( 0 0 2 ) ffi«¥^ffilSPI{i3 . 4 5AT$>o^. * 
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£ s 57^^? hMZ&^Xl 580cm-'c7)e--^ 
SSSfctt-TM 3 6 0cm-i<9£-:7&gJtt;iO. 8T 
.I?>itell£01 2£jjr$\ ^^RS^m^l' 

jwti*ici»u. loiwitBWtc^awt^Ktff? 
10 0 4 6 3 iss&® d * jemm 1 1 n tumzx . 3fcsc 

tt^OjBLT^hfcfrofc. 05<9fflt8D(J;#ltl80« 

Uck D«*«Hb)4t. JBBWWfcliBiftv^k 
[00473 

^tcJt'sr h-^>- hwgv> K-r. iBF-rA 5 je<r o 
[HffiOfSm&Utaill 

[113 

* 




(5) ^¥10-1 99 5 3 3. 
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[@i3 *mfrMxtwxwMam?t>i. 

[02 3 ♦JWnjjffiW)?'?^; h/i'fcjjsrfH 
[ B 3 3 *f^««*m««B1«M»fc«K^ 

[04 3 «^iws^atm#«#8i»fflojeft« 
[05 3 *«^iw^fttm^««ttiw>3aw 

io [06 3 *mn-mmmnitimz&t 
[07 3 *m<?)mmie>x&mm?$>z>. 

[08 3 *«^*{*«fltf>?v>'*'<? b/M&5**H 

[093 mcomttm xmmi x>$> i . 

[01 01 Ctav)HSRtffl«>9 , ?y^^ b;W£*-f0 

[01.1 3 «^JWR«ffe)Xllll8ffH-?*«. . 

[012 3 mwBmttWn^yz.^? ViVZtfztm 

20 

12 KltffA 

1 3 

14 
15 

i..6 mm 
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